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Abstract. Here I offer some brief comments on the present and future of phyllotaxis 
models. 
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Among the many problems of biological development 
and pattern formation which have been studied with 
mathematical models, phyllotaxis is the best-under- 
stood. This is because the process is so simple. 
namely the placement of points (leaf primordia) on 
a growing surface (shoot apex). 
The field and mechanical theories of phyllotaxis 
are now well-developed, and collectively they 
account for many phyllotaxis phenomena: 
1. The constancy of the divergence angle. 
2. The tendency of the diverggnce angle toward 
the Fibonacci value, 137.5 . 
3. The appearance of Fibonacci numbers in the 
parastichy spirals. 
4. Whorled patterns. 
5. Floral organ differentiation. 
The explanatory power of the models makes them a 
paradigm of pattern formation models. They show 
how very simple assumptions can lead to a large 
variety of complex structures which can be directly 
compared with observations. 
It is important to understand phyllotaxis still 
better, since the models are still phenomenologi- 
cal. In the absence of a direct attack on the 
phyllotaxis problem at the level of molecular 
biology, there is still useful research to be done. 
What I have in mind is the expansion of the pheno- 
menology which has been successful so far, namely 
collecting observations relating to phyllotaxis 
and devising theories to explain them. There are 
numerous problems which could be treated in this 
manner: 
:: 
Effect of apical form on phyllotaxis. 
Complex "superpatterns" and symmetries in 
shoot organization. 
3. Normal variations in phyllotaxis. 
4. "Abnormal" variations and teratologies. 
5. Organogenesis and symmetry in flowers. 
These problems might be attacked by adding new as- 
sumptions to the current phyllotaxis models and 
then testing the predictions against observations. 
There is an abundance of observational data on 
plant morphology which can be exploited. 
Also, 
areas 
:: 
3. 
4. 
Z: 
7. 
8. 
These 
phyllotaxis models have analogies in other 
of pattern formation: 
Foraminiferan shell compartments. 
Mollusc shell color patterns. 
Cnidarian bud and tentacle patterns. 
Insect cuticle patterns. 
Vertebrate scale, feather, and hair patterns. 
Vertebrate spot and stripe patterns. 
Cyanobacterial heterocyst differentiation. 
Stomate patterns on leaves. 
problems all involve the "packing" of objects 
on surfaces. It may be possible to transfer ideas 
from models of these phenomena to models of phyllo- 
taxis and vice versa. An example would be in the 
activator-inhibitor theory of vertebrate skin color 
patterns, which can produce either spots or stripes 
depending on the value of a certain parameter. The 
analogy here might be: spots = normal leaf primor- 
dia, and stripes = fasciations. Some insight is 
thus gained into abnormal structures by analogy. 
Once an expanded theory of phyllotaxis were availa- 
ble, it could be used for an attack on other rela- 
ted problems of plant morphogenesis: 
:: 
Vascular patterns. 
Merirtem growth. 
:* 
Branching patterns. 
Leaf morphogenesis. 
Thi; approach to the theory of phyllotaxis can help 
the theory become more general, but it will not 
"solve" the problem of phyllotaxis in the sense of 
providing a specific biochemical mechanism. This 
can happen only by a concentrated attack on the 
problem. Without experimental work, theoretical 
ideas cannot be tested, and at some point theoreti- 
cal activity will cease for lack of new evidence. 
The importance of determining the biochemical mech- 
anism of phyllotaxis cannot be overstated. The 
problem of morphogenesis has been under scientific 
attack for at least a century, but without any sig- 
nificant advance in understanding. This is an in- 
tellectual problem the equal of any other in biolo- 
gy. 
In the physical sciences, rapid progress is made 
when theoreticians and experimentalists work closely 
together. The experimentalist strives to design 
experiments to test the prevailing theoretical mod- 
els, and the theoretician adjusts his models to fit 
the latest experimental results. There is no reason 
why this could not also work in biology, and speci- 
fically for the phyllotaxis problem. 
When experiments finally succeed in uncovering the 
biochemical mechanism of phyllotaxis, some longer- 
range theoretical problems will come into view: 
1. What are the pathways of genetic control of 
the mechanism? 
2. What are the possibilities for phenotypic 
variation? 
3. Can these ideas be used to generate models of 
evolutionary change in plants? 
In the end, the phyllotaxis problem will merge with 
the larger problems of evolution and the history of 
life. 
729 
